Mechanistic studies of glutamine synthetase from Escherichia coli: kinetics of ADP and orthophosphate binding to the unadenylylated enzyme.
The kinetics of protein fluorescence change exhibited by ADP or orthophosphate addition to the Mg2+-or Mn2+-activated unadenylylated glutamine synthetase from Escherichia coli were studied. The kinetic patterns of these reactions are incompatible with a simple bimolecular binding process and a mechanism which required protein isomerization prior to substrate binding. They are consistent with a mechanism in which direct substrate binding is followed by a substrate-induced conformational change step, ES in equilibrium ES. At pH 7.0 and 15 degrees C, the association constants for the direct binding (K1) of ADP to MnE1.0 and of Pi to MnE1.0ADP are 3.9 X 10(4) and 2.28 X 10(2) M(-1), respectively. The association constant for the direct binding of ADP to MnE1.0Pi is 2.3 X 10(4) M(-1) at pH 7.0 and 19 degrees C. The deltaG degrees for the substrate-induced conformational step are -3.5 and -1.3 kcal mol(-1) due to ADP binding to MnE1.0Pi and MnE1.0, respectively, and -1.4 kcal mol(-1) due to Pi binding to MnE1.0ADP. Rate constants, k2 and k(-2), for the isomerization step are: 90 and 9.5 s(-1) for ADP binding to MnE1.0, 440 and 0.36 s(-1) for ADP binding to MnE1.0Pi, and 216 and 1.8 s(-1) for Pi binding to MnE1.0ADP. Due to low substrate affinity, the association constant for direct Pi binding to MnE1.0 was roughly estimated to be 230 M(-1) and k2 = 750 s(-1), k(-2) = 250 s(-1). At 9 degrees C and pH 7.0, the estimated association constants for the direct ADP binding to MgE1.0 and MgE1.0 Pi are 1.8 X 10(4) and 1.6 X 10(4) M(-1), respectively; and the rate constants for the isomerization step associated with the corresponding reaction are k2 = 550 s(-1), k(-2) = 500 s(-1), and k2 = 210 s(-1), k(-2) = 100 s(-1). From the kinetic analysis it is evident that the inability of Mn2+ to support biosynthetic activity of the unadenylylated enzyme is due to the slow rate of ADP release from the MnE1.0PiADP complex. In contrast the large k(-2) obtained for ADP release from the MgE1.0ADP or MgE1.0PiADP complex indicates that this step is not rate limiting in the biosynthesis of glutamine since the k catalysis obtained under the same conditions is 7.2 s(-1).